Introduction
Atrial fibrillation (AF) is the most common sustained arrhythmia and is responsible for 50% of cardioembolic strokes. One third of all stroke cases are cryptogenic, occurring particularly in younger patients. Paroxysmal atrial fibrillation (PAF) is considered to play a possible major role in these cases (1) (2) (3) . Because of the asymptomatic nature of PAF attacks, it is difficult to identify patients having a rare and short-term PAF. The echocardiographic parameters identifying PAF in patients are not specific and can be influenced by concomitant diseases and the patient's hemodynamic status.
Prolonged inter-and intra-atrial conduction times are indicators of atrial conduction heterogeneity, which is important in the development of AF. The prolongation of atrial electromechanical delay (EMD) is linked to various mechanisms, including atrial dilatation and remodeling, chronic inflammation within the atrial myocardium, and atrial fibrosis (4) (5) (6) . In atrial EMD measurement, although the assessment made by electrophysiological studies is a gold standard, it is not possible for routine use because of its invasive nature. However, in recent studies, when compared with EMD values which measured by electrophysiologic study, also tissue Doppler measurements were reported to have acceptable accuracy (7, 8) .
Prolonged atrial EMD time was reported to be helpful in identifying patients with PAF and in predicting the incidence of atrial fibrillation (9, 10) . However, data regarding the importance of atrial EMD measurement is limited to identifying patients with PAF who were at a high risk of stroke (11, 12) . We designed our study to compare inter-and intra-atrial EMDs among patients having PAF with or without neurological symptoms. Moreover, we aimed to assess whether inter-and intra-atrial EMDs ad-ditionally contributed to the CHA2DS2-VASc score in identifying patients with PAF who were at a high risk of stroke/transient ischemic attack (TIA).
Methods
One hundred and sixty patients who were admitted to our clinic from 2011 to 2014 with non-rheumatic PAF were enrolled in this single-centered retrospective study. PAF diagnosis was made on the basis of the 12-lead electrocardiography (ECG) or Holter ECG recordings. AF attacks spontaneously terminating in a period less than 7 days were considered to be PAF. Patients with heart failure (36 patients), moderate to severe valvular disease (42 patients), and thyroid dysfunction (12 patients), which was not euthyroid, were excluded from this study. Patients with electrolyte imbalance, previous myocardial infarction, collagen tissue disease, cardiomyopathy, patent foramen ovale, and other congenital heart diseases and patients using antiarrhythmic drugs were also excluded from this study. Baseline demographic features were registered. The patients' CHA2DS2-VASc scores were calculated (13) . Stroke is defined as the brain, spinal cord, or retinal cell death that is attributable to ischemia based on the neuropathological, neuroimaging, and/or clinical evidence of permanent injury. TIAs are episodes of temporary and focal dysfunction of vascular origin, which are variable in duration, commonly lasting from 2 to 15 min but occasionally lasting for long as a day (24 h) (14) . Patients who had a history of stroke or TIA were defined as the symptomatic group, whereas those who did not have such a history were defined as the asymptomatic group. This study was approved by the Local Ethics Board.
ECG with 12 derivations (Nihon Kohden, Tokyo, Japan) was performed for all patients. All patients were subjected to two-dimensional, M-mode, pulsed and color Doppler flow echocardiographic examinations (Philips EPIQ 7 Cardiac Ultrasound) by the same cardiologist who was incognizant regarding the stroke/TIA history of patients. During echocardiography, a single-lead (D2) electrocardiogram was simultaneously recorded. Data were recorded from the average of three cardiac cycles. M-mode and Doppler measurements were performed according to the American Society of Echocardiography guidelines by the same cardiologist (15) . All measurements were recorded over an average of at least three cycles.
Tissue Doppler ECG was performed with a transducer at a frequency of 3.5-4.0 MHz by adjusting the spectral pulsed Doppler signal filters until a Nyquist limit of 15-20 cm/s was obtained and using the minimal optimal gain. The monitor sweep speed was set to 100 mm/s. In the apical four-chamber view, the pulsed Doppler sample volume was placed at the level of LV lateral mitral annulus, septal mitral annulus, and RV tricuspid annulus. Atrial electromechanical coupling (PA′), which is the time interval from the onset of the P wave on the surface electrocardiogram to the beginning of the late diastolic wave (A′), was obtained from the lateral mitral annulus (PA′lateral), septal mitral annulus (PA′septal), and tricuspid annulus (PA′tricuspid), respectively ( Fig.1) . The difference between PA′lateral and PA′tricuspid was defined as the interatrial EMD, whereas the time difference between PA′septal and PA′tricuspid was defined as the intra-right atrial EMD; the difference between PA′septal and PA′lateral was defined as the intra-left atrial EMD. . Receiver operating characteristic (ROC) curve analysis was performed to identify the optimal cut-off values for stroke/TIA history. The effects of different variables on stroke/TIA history were calculated by univariate analysis for each variable. The variables for which the unadjusted p value was 0.10 in logistic regression analysis were identified as potential risk markers and were included in the full model. Model A was developed to evaluate the effect of intra-left atrial EMD in multiple logistic regression analysis, while Model B was developed to evaluate the effect of inter-atrial EMD. The odds ratios (OR) and 95% confidence intervals (CI) were calculated. A two-tailed p value of <0.05 was considered statistically significant.
Statistical analysis

Results
In this study, 160 patients were included, of which 52 were symptomatic. The mean age in the symptomatic group was 68±9 years, whereas it was 62±13 years in the asymptomatic group (p=0.028). There was no statistical difference between the symptomatic and asymptomatic groups with respect to gender; use of beta blocker; smoking; and presence of coronary artery disease, diabetes mellitus, hypertension, and hyperlipidemia. No significant difference was found between the groups in terms of the ratio of those patients who were within the target range for INR at the time of echocardiographic examination (59% vs. 62%, p=0.236) ( Table 1) .
The CHA2DS2-VASc score of the symptomatic group was 5.0±1.2, while that of the asymptomatic group was 2.6±1.4. However, no statistically significant difference was found between the CHA2DS2-VASc scores of the symptomatic and asymptomatic groups when two points given for stroke/TIA were subtracted from the CHA2DS2-VASc scores of the symptomatic group (3.0±1.2 vs. 2.6±1.4, p=0.07).
Regarding conventional parameters, such as left ventricular ejection fraction and left ventricular hypertrophy, no difference was ascertained between the two groups. Furthermore, no discrepancy was found between the two groups in terms of mild mitral regurgitation, mild aortic regurgitation, mild tricuspid regurgitation, systolic pulmonary arterial pressure, and E/A ratio. However, the diameter of the left atrium (parasternal long-axis) was found to be greater in the symptomatic group than in the asymptomatic group (p=0.002). In the symptomatic and asymptomatic groups, left ventricular end-systolic and -diastolic diameters were within normal limits; furthermore, the diameters were significantly higher in the symptomatic group than in the asymptomatic group (p=0.009, p=0.001, respectively) ( Table 2) .
Intra-left atrial EMD was 68.2±6.1 ms in the symptomatic group, whereas it was 50.8±6.5 ms in the asymptomatic group (p<0.001). Moreover, interatrial EMD was 91.3±5 ms in the symptomatic group, whereas it was 71.5±7.0 ms in the asymptomatic group (p<0.001). There was no significant difference observed between the two groups with respect to intra-right atrial EMD ( Table 3 ). The cut-off value of 60 ms, which was determined by the ROC curve for intra-left atrial EMD, had 80.6% sensitivity and 94.9% specificity to predict stroke/TIA (area under the curve, 0.895; p<0.001) (Fig. 2) . The cut-off value of 81 ms, which was determined by the ROC curve for interatrial EMD, had 83.9% sensitivity and 98.3% specificity to predict stroke/TIA (area under the curve, 0.899; p<0.001) (Fig. 3) .
Univariate and multiple logistic regression analyses were performed for the factors (LA-EMD, IA-EMD, age, left atrial diameter, DM, HT, CAD, smoking, and hyperlipidemia) that were associated with the history of stroke/TIA. Univariate logistic regression analysis revealed that there was an independent association between stroke/TIA and left atrial diameter, intra-left atrial EMD, and interatrial EMD. Multiple logistic regression analysis demonstrated that there was an independent association between the intra-left atrial EMD and stroke/TIA also demonstrated that there was an independent association between the inter-atrial EMD and stroke/TIA (OR: 1.398, 95% CI: 1.177-1.661, p<0.001) ( Table 4) .
Discussion
Interatrial and intra-left atrial EMD were found to be associated with patients who had PAF and a history of stroke/TIA in our trial in this study. The cut-off value, which was identified by ROC curve to predict stroke/TIA, was found to be 81 ms for interatrial-EMD (83.9% sensitivity and 98.3% specificity) and 60 ms for intra-left atrial EMD (80.6% sensitivity and 94.9% specificity). The CHA2DS2-VASc scores were measured and found to be similar in the symptomatic and asymptomatic groups when two points given for stroke/TIA were subtracted from the CHA2DS2-VASc score of the symptomatic group, whereas interatrial and intraleft atrial EMDs remained significantly higher in the symptomatic group. In multiple logistic regression analysis, the prolongation of intra-left atrial and interatrial EMDs was found to be independent predictors for the presence of stroke/TIA for this patient group. This result was considered particularly important to identify patients with PAF who were at a higher risk of stroke/TIA if they had elevated means of interatrial and intra-left atrial EMDs.
Prolonged inter-and intra-atrial conduction times are indicators of atrial conduction heterogeneity. The gold standard method for atrial EMD measurement is electrophysiological studies. However, routine use is not possible because of the lack of easily accessible electrophysiological studies, which are invasive procedures. Therefore, in recent studies, the measurability of atrial EMD by tissue Doppler echocardiography, which is a noninvasive method, was evaluated. In a study conducted by Deniz et al. (8) , in the measurement of atrial conduction time in patients with PAF, the results of electrophysiological studies and tissue Doppler examination were compared, and intra-left atrial EMD measured by ECG and left intra-left atrial conduction time were found to be correlated. Moreover, in this study, the measurement of intra-left atrial EMD by ECG was reported to be useful in identifying patients with PAF. In contrast, in a study conducted by Evranos et al. (7), the predictors of AF recurrence after ablation were investigated. Intra-left atrial EMD was reported to be independent predictors of AF recurrence. Furthermore, in this study, moderate correlation between intra-left atrial EMD and intra-left atrial conduction time measured by electrophysiological studies was found. In our study population, comprising patients with PAF, tissue Doppler ECG records were used to investigate the association between atrial EMD measurements and presence of stroke/TIA history. We believe that this technique can contribute more to the clinical practice because it is easily accessible and non-invasive. AF is responsible for 10% of all strokes and 50% of cardioembolic strokes (1). AF-related strokes have poor prognosis, cause severe deficits, and persist in >50% of living patients. The recurrence rate of AF-related stroke is up to 12% per year (16) . Recent trials have demonstrated that the risk of stroke in patients with PAF is similar to the risk in patients with chronic AF (17) . Thus, it may be essential to identify patients with PAF who are at a high risk of stroke at an early stage. In previous trials, inter-and intra-atrial EMDs were demonstrated to be elevated in patients with lone AF compared with the values obtained from a normal population. Moreover, the measurement of inter-and intra-atrial EMDs may help in identifying patients with lone AF (9, 10). However, in real life, most patients with PAF have accompanying diseases. We enrolled patients with PAF and accompanying diseases. The importance of measuring inter-and intra-atrial EMDs to identify patients with PAF and with an increased risk of stroke/TIA was evaluated in our study. Intra-and inter-atrial EMDs were prolonged in patients with a history of stroke/TIA despite similar CHA2DS2-VASc scores when two points given for stroke/TIA were subtracted.
AF is characterized by uncoordinated atrial activation with consequent deterioration of atrial mechanical function, and the underlying cause of AF is a recurrent condition (18, 19) . Intraatrial EMD and marked fragmentation of atrial activity have been recently suggested to be the characteristic of PAF (20) . Several trials demonstrated that the measurement of inter-and intra-atrial EMDs identified patients with PAF and patients with an increased risk of AF after cardiac surgery (9, 10, 21) . Moreover, interatrial and intra-left atrial EMDs were reported to be useful in predicting the progression from PAF to chronic AF (22) . Deftereos et al. (23) evaluated interatrial EMD (high right atrium-distal coronary sinus) by means of an electrophysiological study in 612 patients without a history of atrial fibrillation or valvular heart disease, and interatrial EMD was demonstrated to be associated with the risk of AF development during a follow-up of 43 months. Interatrial EMD was found to increase in patients who developed AF compared with that in patients without AF. Furthermore, measuring interatrial EMD was reported to be beneficial to ascertain patients with an increased risk of AF (23) . Another study, which included patients with paroxysmal AF, demonstrated that increased intra-left atrial and interatrial EMDs were associated with an increased number of annual AF attacks even in patients with normal LA diameter. Furthermore, it was asserted that these parameters might predict patients with PAF even in early stage (24) . In our study, left atrial diameter was found to be greater in the symptomatic group than in the asymptomatic group. In addition, in accordance with an increase in the diameter of the left atrium, intra-left atrial and interatrial conduction times have been found to be longer in this group.
The inception and continuation of AF require electrical and structural changes in the atria. In a trial comprising 213 patients, total atrial conduction time was reported to be important to predict AF recurrence after radiofrequency catheter ablation (25) . In another trial comprising 279 patients, the PA-PDI interval (time interval between the P wave on ECG and peak A′ of mitral inflow obtained with pulse wave Doppler examination) was reported to be useful in identifying patients with an increased risk of stroke after successful AF ablation. Patients were followed up for 46.5±17.2 months after ablation. Increased CHA2DS2-VASc scores and prolonged PA-PDI interval were detected in patients who developed a stroke during the follow up. A cut-off value of 150 ms for the PA-PDI interval to predict a stroke had a positive predictive value of 86.7% and negative predictive value of 100%. A cut-off value of 150 ms, which was identified by the ROC curve, had 100% sensitivity and 85.7% specificity in predicting stroke following ablation. According to these results, the continuation of warfarin treatment was recommended following AF ablation in patients with the PA-PDI interval equal to or >150 ms (26) .
Hoshi et al. (27) stated that patients with PAF had a larger left atrial volume index and longer interatrial EMD compared with the normal population. When patients with PAF were reassessed according to their history of cardioembolic stroke, age and interatrial EMD were found to be independently related to cardioembolic stroke; however, no association was demonstrated between the left atrial volume index and history of cardioembolic stroke. Moreover, an increased incidence of cardioembolic stroke was found in patients with PAF and interatrial EMD of 82 ms or longer. The measurements of EMD to investigate the association with cardioembolic stroke were only obtained from lateral mitral tissue Doppler in this study. Similar to the abovementioned trial, interatrial and intra-left atrial EMDs were prolonged in patients with a history of stroke/TIA in our study. Recently Vatan et al. (11) found a significant association between the left atrial mechanical functions and CHA2DS2-VASc score in patients with PAF, whereas they did not find an association between the atrial EMD and CHA2DS2-VASc score. However, the CHA2DS2-VASc scores of patients were lower, and there were a relatively low number of patients in this trial compared with that in our study.
Anticoagulant treatment that was initiated following the diagnosis of AF decreases the risk of stroke by 40% as opposed to antiplatelet therapy alone (28) . Therefore, diagnosing AF and identifying patients having an increased risk of stroke is vital to initiate maximal stroke preventive therapy. ECG on admission and 24 h Holter ECG are usually performed for patients with TIA/ stroke in our daily practice. However, short-term PAF attacks are not easily ascertained with these methods. The measurement of interatrial and intra-left atrial EMDs is a fast, easy, and highly reproducible technique and can be performed through almost all echocardiography devices. There have been some patients with PAF who have had stroke, although they have had low CHA2DS2-VASc scores in our clinical practice. Calculating interatrial and intra-left atrial EMDs might be helpful in predicting the risk of stroke, particularly in these patients.
The value of EMD to identify patients with PAF was reported in previous studies (9, 10) . However, a significant correlation was found in our study between the presence of stroke/TIA in patients with PAF and EMD. More prolonged EMD was considered to reflect the increased risk of stroke/TIA in patients with PAF, probably because of the increased burden of arrhythmia. Therefore, we consider that the measurement of EMD, which is a non-invasive and easily accessible technique, may contribute not only to identify patients with PAF but also to define patients with an increased risk of recurrent stroke/TIA during the evaluation of patients with stroke/TIA. However, there is a requirement for prospective and large trials for this matter.
Study limitations
Our study is a retrospective, non-randomized, and small sample size trial. The carotid artery Doppler studies and Holter ECG recordings could not be performed in all patients. Echocardiographic examinations were performed in the period when the patients were in sinus rhythm; however, it could not be determined with certainty how long the patient was in sinus rhythm. Therefore, this may have influenced the atrial conduction time in patients with atrial stunning. Left atrial diameter was merely used to evaluate the left atrial size, and the measurement of the left atrial volume index was not possible in all patients because of the retrospective nature of our study. Most patients were suffering from palpitations for at least 1 month according to the patients' medical records. However, the exact duration of PAF was not established because of the fact that PAF attacks might be asymptomatic. As TEE was not performed in most patients having PAF without a history of stroke in our study, no analysis was conducted for the association between EMD and the presence of LAA thrombus. Moreover, electrophysiological study, which is the gold standard method to calculate inter-and intra-atrial EMDs, was not performed in patients enrolled in this study. In accordance with the relatively advanced average age in groups, our results may not accurately reflect the findings in younger patients because of the frequency of comorbidities. The prolongation of atrial EMD effects on stroke/TIA recurrence could not be assessed because our study plan did not include long-term follow-up.
Conclusion
Intra-left atrial EMD of >60 ms and interatrial EMD of >81 ms are associated with the history of stroke/TIA, and they may be determinants in predicting the stroke risk. The measurement of interatrial and intra-left atrial EMDs may provide additional benefit to the CHA2DS2-VASc score for predicting the stroke risk in patients with PAF. There is a requirement for prospective and large trials to explore the association between EMD and stroke in patients with PAF.
